In small and rural communities, the installation cost of conventional gravity-flow collection systems is often very expensive due to the presence of rocky terrain, high water table, unstable soils, extremely flat terrain, which may impose substantial difficulties in construction. Pressure, vacuum and septic tank effluent gravity collection systems are among the alternatives sewers used most commonly. As these systems are designed to be watertight, design allowances for infiltration and inflow are not required. Moreover, exfiltration does not occur in these systems, thus eliminating the risk for soil or underground water contamination. The installation cost of the alternative wastewater collection systems is often significantly lower by as much as 20-50%, compared to conventional gravity-flow collection systems. In general, alternative collection systems are suitable for communities of 10,000 people or less. In this paper, alternative wastewater collection systems are described and their benefits, costs and drawbacks are compared to conventional gravity-flow collection systems. Eretria, a relatively flat littoral town in Greece, with many shallow archaeological ruins has been selected to illustrate the optimal selection of a sewer system. Using multi-criteria analysis, the vacuum sewer system has been selected as being the most advantageous, both in terms of financial and technical considerations.
INTRODUCTION
Small and rural communities have two options with respect to wastewater management: (i) the use of individual onsite treatment systems, which include a septic tank and a land based system for effluent dispersal and (ii) to use of a centralized wastewater treatment facility, connected to each dwelling by a wastewater conveyance system (Asano et al. 2007 ). The first option requires continuous attention by the home owners, however it may be optimal for very isolated houses, surrounded by large pieces of land. In all other cases small and rural communities should consider the second option. Conventional gravity wastewater collection systems have been used extensively for conveying wastewater from the source of production to the point of treatment, and they are still the first option to be considered in urban areas, either in small and medium agglomerates (Boix et al. 2014 ) either in larger cities (Martinez et al. 2011) . However conventional gravity systems face a number of limitations when they are to be applied in small and rural communities, with installation cost being the primer concern (US-EPA 1991 ; Falvey 2001) and where sewage network overflow may occur easily especially during wet period (Duran et al. 2014) . The deposition of solids due to water conservation, is also of concern from a maintenance perspective. Also, conventional gravity collection systems are subject to infiltrationinflow and exfiltration (Damvergis 2014) .
Thus, in situations where the points of collection are far apart, the land terrain is perfectly flat, the land is rocky or consists of unstable soils, the water table is close to land surface, alternative wastewater collection systems should be considered. As the instillation of alternative wastewater collection systems requires minimal excavation, these systems are also favourable for situations where public works are expected to severely upset road traffic, or in cases where the roads or pavements are covered with cobblestone (and thus, restoration of the original surface will add extra cost).
In the present study, alternative wastewater collection technologies are described and compared to a conventional gravity-flow system. The financial benefits of the installation of alternative wastewater collection systems in small and rural communities and the advantages of each alternative collection system are also compared.
TYPES OF ALTERNATIVE WASTEWATER COLLECTION SYSTEMS
The use of lightweight plastic piping, buried at relatively shallow depth and the relatively small number or complete lack of access ports (older term-manholes) are the basic elements of alternative collection systems. However, the motive forces employed by each alternative collection system technology and the characteristics of the conveyed wastewater can be quite different for each type of system. The alternative collection systems, depicted schematically in Figure 1 , can be classified as follows:
i. Small diameter gravity sewers, also known as septic tank effluent gravity (STEG) collection systems. ii. Pressure sewers, which may be further subdivided to septic tank effluent pump (STEP) pressure collection systems and to grinder pump (GP) pressure collection systems. iii. Vacuum collection systems. iv. Flat grade sewers. v. Simplified sewer systems. vi. Hybrid collection systems.
The flat sewer systems (State of Nebraska 1974) (a low cost conveyance system used almost exclusively in rural areas of Nebraska, USA, where the land terrain is entirely flat) and the simplified sewer systems (Neder & Nazareth 1998; Mara & Broome 2008 ) (low cost conveyance systems used primarily in Brazil and in developing countries) are not considered in this paper.
Small diameter gravity sewers or STEG wastewater collection systems
As with conventional gravity systems (Figure 1(a) ), gravity is the motive force for wastewater conveyance by the small diameter gravity systems, also known as STEG systems (US-EPA 2000) ( Figure 1(b) ). STEG systems were first installed in densely populated sub-urban areas of South Australia, as more cots effective alternative to conventional gravity-flow systems (South Australia Health Commission 1986). A septic tank is used next to the wastewater production source, thus, unlike the conventional gravity-flow sewers, settled wastewater is conveyed through the STEG systems. To ensure the entrapment of solids in the septic tank, a filter assembly is used at the exit port. The effluent filter assembly comprises of a vertical tube with sealed bottom, surrounded by a removable screen. The influent holes are located in the middle of the vertical tube, preventing the entry of scam and sludge to the service laterals. A high level sensor is often installed in the septic tanks to warn in case of need of maintenance. Thus, the wastewater is free of settlable solids, grease and grit, which usually cause obstructions in the collector mains of conventional gravity sewers. The lack of solids eliminates the need for achieving self cleansing velocities, thus small diameter tubing, laid with variable or even negative (in some parts of the system) gradients can be utilized. The tubing is usually follows the land terrain, as far as the point of wastewater generation is higher than the point of treatment. Plastic tubes, often made of poly-vinyl-chloride (PVC), with minimum diameters of 70-100 mm are used as collector mains and as service laterals, although smaller diameter tubes (down to diameter of 30 mm) have been used successfully (US-EPA 1991) .
Similar pipes, with diameter smaller or equal to the collector main, are used as service laterals, connecting the septic tank with the collector main. There is no need for construction of access ports in all junctions, as cleanouts often provide sufficient access. The use of cleanouts and pigging ports, which are sealed more tightly than manholes, eliminates infiltration and grit penetration into the system. A cleaning pig is a polyurethane bullet-shaped device, which is introduced into the sewer pipe via a special port (pigging port), and travels by the force of pressurized water, scrubbing the inner walls of the pipe (Bounds 1996) . Ventilation is used near the household piping and wherever pressurized water exists, to sustain free-flowing conditions. Lift stations may be used wherever elevation differences do not allow gravity flow. Operation and maintenance for STEG involves periodic flushing or pigging of the low velocity sections of the collector mains (Bounds 1996) . The sludge which accumulates in the bottom of the septic tanks should be removed periodically. It is recommended that sludge pumping should be performed every three to five years; however, in practice, seven years has proved to be sufficient time (US-EPA 1991) .
Pressure wastewater collection systems
Pressure sewers employ pumping stations to propel wastewater through small diameter pipelines to the final treatment facilities (Falvey 2001) . Two types of pressure sewers are used: (i) STEP systems (Figure 1(c) ) and (ii) GP systems (Figure 1(d) ). The first uses a septic tank to collect the household wastewater followed by an effluent pump, while the later uses an external sump with a GP (Hill 1990; US-EPA 1991) . As a result, wastewater conveyed by GP systems has a high solids content, while wastewater conveyed by STEP systems is similar to the one conveyed by STEG systems. STEG systems are currently under a global innovative research program that takes into account also conventional gravity-flow sewers (Selvakumar et al. 2015) . The task of the grinder pumps it to macerate the solids, reducing their size, avoiding blockage of the piping. In STEP systems, the pump is surrounded by a filtration assembly, similar to the one described for STEG systems, to prevent solids entering the pump ( Figure 2 ). Both types of pumps are activated with a level sensor. As pressure systems use small diameter piping (often made of PVC, with diameters of mains between 50-150 mm and of service laterals between 25-40 mm) with no need for gradient, they can be installed at shallow depths, in a similar manner to water distribution pipes (US-EPA 1991) . Pipe burial depths should be below the frost line, but no less than 750 mm. The use of positive pressure eliminates the need for elevation deference between the points of wastewater generation and treatment, as with STEG systems. Pressure systems are water tight and do not require the use of access ports in each junction, thus reducing or eliminating infiltration and exfiltration completely.
As pressure collection systems operating intermittently, there is less need for periodical flushing, compared to STEG collection systems. Because pressure collection systems depend on electric power for pumping the wastewater, in cases of prolonged power failure, they will not function. Also, GP pressure systems have smaller buffer capacity as they do not include a septic tank. Septic tanks require periodical removal of the sludge, similarly to STEG systems. A routine maintenance program for the pumps is recommended. Inspection of their physical condition often takes place during downtime repairs of adjacent pipe segments. Inspection techniques however are limited because of pipe and size accessibility. In many cases, the only access points are at either of the main (Tafuri & Selvakumar 2002) .
Vacuum wastewater collection systems
The first vacuum wastewater collection system was invented in 1866 by Charles Liernur, who installed the patented system in some neighbourhoods of Amsterdam (Scott 1875) and other European towns. The next patent on vacuum sewerage systems was awarded to Adrien Le Marquand, in France (LeMarquand 1887). The system was further improved about one century later, and a number of vacuum collection systems have been installed since then (Falvey 2000) also for waste collection system especially for historical city centres (Ciudin et al. 2014) .
In a vacuum collection system (Figure 1(e) ), the wastewater from individual dwellings flows through gravity pipes to an airtight collection sump. A valve installed on the sump seals the main, which is kept under vacuum. When the sump is filled up with raw wastewater, to a given level, the valve opens automatically and the wastewater is propelled to the main (which is under vacuum) as a slug. Atmospheric air enders the system when the valve in the collection sump is open, thus assisting wastewater transportation from the sump to the main. The wastewater is finally conveyed through the main to a vacuum station, where the collected wastewater is forced to the wastewater treatment facility. Schematic diagrams of a collection sump, fitted with control valve and of a vacuum station are shown in Figure 3 .
Several types of vacuum collection systems are currently available in the market. The main differences among those systems are the use of individual wastewater collection lines for black (toilet) and grey (bath and kitchen) waters, the design of pumps and valves and the location of the sump tank (US-EPA 1991). PVC pipes with diameters between 100-150 mm are often used for the collection network. The pipes are laid in shallow, narrow trenches, with minimum slope of 0.2 percent. Uphill follow is possible, however, the practical limit for single uphill transport is about 6 m (US-EPA 1991). The wastewater velocity in the pipes is between 5-6 m/sec, which is sufficient to keep the pipes clean of depositions (Falvey 2000) . The volume of wastewater entering the collection sump per toilet flushing is between 1-1.5 L, while the volume of wastewater leaving the sump every time that opens the valve is between 40-60 L (US-EPA 1991). There is no need for assess ports, however, the system may be accessed through the collection sumps, or at the end of the lines. Division valves are installed on branches to allow for isolation when making repairs. Vacuum collection systems are somehow more care intensive than other collection systems. However, there is no need for pigging, as the sewage velocity is sufficient to scour the piping and keep it free of obstruction. Vacuum collection systems depend on electric energy, thus electricity supply failure will cause functional, problems. However, the vacuum pumps operate about 3-5 hours per day (US-EPA 1991), thus the system has a significant degree of autonomy in cases of short power brakes. Moreover, as the vacuum pumps are not submerged, their motor is not exposed to liquid. The most often malfunction of the system caused by the vacuum valves, which may fail either in the open or in the closed position (Falvey 2000) . Valve malfunction are generally easy to be spotted and repaired.
Hybrid wastewater collection systems
A combination of two or more collection technologies is known as hybrid collection system. Hybrid systems are used when due to local constrains, a combination of collection technologies is proved to be more cost efficient (Guertin 2007) . In practice any alternative collection system is compatible with conventional gravity sewers, as far as the proper interfaces have been installed. The most common combination between alternative collection systems is that of STEG with STEP, systems which both are bearing septic tank pretreatment. The most important issue to be considered when hybrid systems are used is the solids and grease load of the conveyed wastewater. Thus, systems which employ septic tanks, such as STEG and STEP, may feed into GP or vacuum systems; however, the reverse is not feasible. Finally, due to pressure differences between the STEG or pressure systems main and vacuum system main, an odor control device may be needed at the interface of those systems (US-EPA 1991).
TYPICAL DESIGN PARAMETERS AND APPLICATIONS OF ALTERNATIVE COLLECTION SYSTEMS
While the advantages and disadvantages of the alternative collection systems as compared to the conventional gravity-flow sewers are often obvious, the same is not that clear when the individual collection technologies are compared among themselves. Differences occur because site specific conditions may favour a given alternative collection technology over another. The most common factor for the selection of a particular alternative collection system is in fact the familiarization of the engineer, who designs the collection system. However, in some cases, distinct characteristics of the application site may control the selection of the optimal technology (Little 2004) . All the systems require relatively small diameter plastic piping, usually installed at depths around between 0.5-1.25 m, (or just below the depth of freezing). Systems which involve onsite primary treatment (STEG and STEP) require extra cost for the construction of the septic tanks and for periodical removal of solids (Asano et al. 2007 ). The last systems are also more susceptible in corrosion, due to the septic nature of the conveyed wastewater (Hill 1990) . Gravity flow systems have the lowest energy consumption, if there is no need for large numbers of lifting stations. STEG and conventional gravity systems should be applied more conveniently where the land is not totally flat.
Conduit slope should range from 0.3-0.5% for STEG systems, containing no solids and from 0.5-0.7% for conventional gravity systems. Grinder pumps require intensive maintenance, while vacuum collection systems have lower energy usage than the GP collection systems. Construction and operational costs represent often a primary issue to be examined for the specific application (Karovic & Mays 2014; Marchionni et al. 2014) . In general, alternative collection systems are suitable for communities of 10,000 people or less.
The most important parameters and characteristics of the alternative collection systems are: the discharge flowrate, the diameters sizes of the mains and service pipelines, the conduit slope, the wastewater velocity in the main sewer, the maximum lift to the outlet of the system, and the depth of the trench where the piping is located. For purposes of comparison, the representative design and operating parameters, for the four principal types of alternative wastewater collection systems are presented in Table 1 . Specific design values will depend on local conditions. Obviously, in many situations alternative collection systems poses a number of advantages over the commonly used gravity collection systems, however, the selection of the optimal system is determined based on a number of critical points. The issues which should be examined for the selection of the preferred collection system are: the topography of the area, the population density, the ease of construction, the concept for wastewater management (i.e.: centralized, decentralized, satellite), the potential for localized water reuse and definitely the cost (capital, operational and maintenance). Additional points (i.e.: location of archaeological ruins, aesthetic considerations) may also be considered, in relation to specific site of application. The typical situations in which the use of alternative collection systems would be the preferred option are presented in detail in Table 2 .
COST-WISE COMPARISON OF WASTEWATER COLLECTION SYSTEMS
Capital cost savings of alternative collection systems, as compared to conventional gravity sewers, may exceed 20-50%. Annual Operational and Maintenance costs (O&M costs) are quite variable for the sewer systems examined, where the main cost is represented by the electricity cost for pressure systems with pumping stations, and by labour costs for cleaning for conventional gravity systems. The estimated costs range of materials and installation and O&M for the gravity, pressure and vacuum systems (flows 2.5 L/s -1,000 inhabitants), are reported in Table 3 . However, O&M cost for gravity systems may be higher than calculated, if infiltration-inflow is significant (Damvergis 2014) . As shown in Table 3 , gravity collection systems have an average investment of 2,794 (€/capita), 33% higher than vacuum collection systems [2,150 (€/capita)] and 45% higher than pressure collection systems [1,542 (€/capita)]. Correspondingly, O&M costs are, in average, ranging from 71.8 €/ (capita·year) for gravity system to 94.3 €/ (capita·year) for vacuum systems and to 121.9 €/ (capita·year) for pressure systems. The higher O&M cost for pressure systems, in relation to vacuum systems, may be attributed to the need for annual maintenance of the septic tanks (see Figure 2 ). However, the Topography, inland In general, the cost for conventional gravity collection systems is much higher where undulating terrain, high groundwater, or rocky conditions exist. The use of STEP, variablegrade STEG, or a combination of the two, in undulating terrain can be cost-effective, compared to conventional gravity collection systems.
Topography, coastal
In areas such as around a lake or in marinas and harbors, pressure and vacuum sewers are preferred, and especially where salt water intrusion must be avoided to maintain the quality of the wastewater. In both cases, pressure and vacuum sewers are watertight. Often hybrid systems composed of either pressure or vacuum collection systems for coastal areas will be combined with conventional gravity collection systems for upland areas.
Ease of construction
Deep and wide trenches go in relatively slowly with traffic disruption and may not be possible in some locations due to conflicts with other buried utilities. Narrow, shallow trenches go in relatively quickly with minimal traffic disruption and can be constructed in most locations. Also with narrow shallow trenches buried utilities can be avoid easily.
Population density and growth
Where existing population density is low but appreciable growth is anticipated, there should be consideration for initial conditions of the system operation compared to ultimate flowrates. STEP and STEG systems, because of their relative freedom from minimum velocity requirements, can handle a wide divergence between initial and ultimate design populations. GP systems require minimum scouring velocities to be reached daily. Therefore, a low ratio of initial-to-final design population will require special facilities for flushing the mains.
Satellite wastewater management
Wastewater treatment in satellite facilities is undertaken for a variety of reasons including:
(1) economics, (2) a conscious decision to reuse water locally, or (3) a decision to avoid expanding a centralized treatment system. As communities continue to develop and expand, the distances from the new developments to existing wastewater treatment facilities become so great that connecting to the existing wastewater treatment facilities is no longer economically feasible. If onsite disposal is not possible, alternative collection systems can be used for the collection and transport of wastewater from individual residences and commercial and institutional developments to a nearby site for treatment and reuse.
Sustainable development
In some proposed developments, homes will be served with city water, but wastewater will be treated and used locally for sustainable development of wooded green areas and wetlands. In such a scheme, each home is provided with a septic tank with an effluent pump and a textile filter for wastewater treatment. Treated effluent from each home is discharged by gravity through a small diameter line (25 mm) to the wooded green areas between the houses where it would be given additional treatment in a subsurface wetland. The subsurface wetland replaces the pressure discharge mainline used in pressure sewer wastewater collection systems. The flow from each wooded green area is discharged to a central subsurface wetland. In effect, the flow from each individual residence corresponds to the headwaters of a small stream which contribute to the formation of a larger stream, a copy of what happens in nature.
Cost
As noted above, the cost for conventional gravity collection systems is much higher where undulating terrain, high groundwater, or rocky conditions exist. Costs for conventional sewer are also significantly higher where the population density is low and spread out. Along coastal regions hybrid collection system will be less expensive than conventional collection systems. above cost estimates should be used as broad guideline, as in specific cases they may not apply. For example, if specific obstacles, due to peculiar land terrain or due to existence of shallow archaeological ruins, which may draw alternative piping routes for each solution, then the installation costs may be significantly influenced.
The index of yearly operational costs, i y (that represents the number of years for what the sum of the yearly operational costs is equal to the initial investment cost), as given by Equation (1), varies from 12.66 years for pressure systems to 22.79 years for vacuum systems and to 38.89 years for gravity systems. i y ¼ materials and installation costs=annual O&M costs
(1)
The summation of materials and installation and O&M costs (without depreciation), as function of serving time, is shown in Figure 4 . From Figure 4 , it can be concluded that in a 25 year scenario, the total cost (CAPEX plus OPEX) of all the three systems is essentially the same. Before 25 years STEP systems have the lowest CAPEX, the gravity systems the highest, while vacuum systems are in between. After the 25 years period, the situation is reversed.
CASE STUDY -SELECTION OF THE OPTIMAL TYPE OF WASTEWATER COLLECTION SYSTEM FOR ERETRIA TOWN, EUBOEA, GREECE
Eretria, a relatively small littoral town on Euboea Island, at the South Euboeic Gulf, in Greece ( Figure 5 left) , is a popular resort. The population of Eretria during winter is about 4,000 inhabitants, while during summer it reaches about 10,000 inhabitants, excluding tourists who stay at hotels (hotels have their own wastewater treatment facilities). Eretria is located at the seaside and serves as a port for south Euboea. It is almost flat, and has been built according to the Hippodamian plan system. The town is connected with Pezonisi island, with a bridge of about 150 m long. (Figure 5 right) . The modern Town of Eretria has been built on the ruins of Ancient Eretria, thus archaeological ruins are almost everywhere, above ground or at very shallow depth ( Figure 6 ).
Eretria faces severe problems with wastewater management, as there is lack of wastewater collection and treatment facilities. Dwelling and public buildings in Eretria are served by septic tanks, while in some cases wastewater is discharged into the sea, causing severe environmental and public health problems. A wastewater treatment plant is under construction, and when it will operate it will serve Eretria Town and the neighbouring Amarynthos Town. The design of the wastewater collection system at Eretria poses a number of difficulties, primarily due to the existence of archaeological ruins at shallow depth and also due to the flat terrain. Conventional gravity wastewater collection systems are not suitable for Eretria town, thus a number of alternative systems have been examined, to select the optimal one. Multi-criteria analysis, based on the methodology presented by Aravossis et al. (2001) , has been applied. The methodology allows 80% weight to non-financial indicators (Category 1), such as regional planning, technological, environmental and social indices, while financial indicators (Category 2) have a weight of 20%. It is interesting to note that in the past, financial criteria prevailed over the non-financial ones, while in some cases they were the sole criterion. However, the EU has lately promoted the use of high weights to the non-financial criteria, as a way to provide environmentally friendly projects with high public acceptance, also with parallel mitigation of the expected effects of climatic change. More specifically, the regional planning criteria include aesthetic considerations, the availability of suitable space, the topography, the accessibility of the area and the existence of archaeological findings. The above indicators take into account the status of the area (e.g. Natura sites), tourism activity, land uses, land terrain structure, traffic problems, while they provide priority to the protection of archaeological findings. The technological criteria include the flexibility during the construction stage, the performance of the system (in view of potential future changes), the complexity of the process, the expertise requirements and the operational safety. Geology, hydrogeology, topography and ecology of the region as well as noise constitute the environmental indicators. Finally, the social criteria deal with the public acceptance of each system, public health issues and required involvement of the final user during system operation. The total mark occurs from the summation of each sub-criterion in Category 1. The mark of each sub-criterion may vary from 80-120. Mark 100 is used in cases where the sub-criterion covers exactly the expectations, technical specifications and legislation requirements. Mark 120 is used in cases that the sub-criterion outbalances the requirements. Mark 80 is used in cases that the sub-criterion is below the set target. Marks below 80 have been used in cases that the sub-criterion is not covered at all. More details about the allocation of marks for non-financial criteria may be found in Aravossis & Kungolos (2016) . With respect to Category 2, the cost of installation, annual cost of operation and annual supervision and maintenance cost are considered. The methodology and criteria used for the selection of the optimal collection system for Eretria Town are summarized in Figure 7 . Four distinct sewerage collection systems have been examined: Scenario 1. Conventional gravity sewer system Scenario 2. STEG sewer system Scenario 3. STEP pressure sewer system Scenario 4. Vacuum sewer system
Conventional gravity system (Scenario 1) is not a viable option (due to the existence of archaeological ruins at shallow depths), but it is included for the purpose of comparison. The analytical grades of Categories 1 and 2 for the above four scenarios are summarized in Table 4 .
Equation (2) has been used to classify the scenarios. According to Equation (2), the optimal scenario is the one with the closest T i value to 1.00. The final results from multi-criteria analysis are shown in the last row of Table 4 .
where: As shown in the last row of Table 4 , Scenario 4the vacuum sewer optionis the most advantageous among the examined scenarios. One of the main factors for the selection of the vacuum collection system is its flexibility to overcome underground obstacles during installation (by rerouting the pipelines around the obstacle), as in many cases the location and depth of some archaeological findings may not be to the knowledge of the engineers during the design stage. The extended archaeological ruins above ground or at shallow depth is the main reason in Eretria town is the main reason that the cost estimates, based on Table 3 , are not completely valid (It should be noted that, Table 3 provides cost estimates for a collection system serving 1,000 inhabitants, while the system for Eretria town has been designed to serve 10,000 inhabitants). The design horizon has been set to 40 years. The vacuum sewerage network is divided into main and secondary pipelines as well as into dedicated pipelines to serve isolated private individual dwellings. The main criteria for designing the path of the pipelines are the minimization of excavation and the reduction of the length of the network. The appropriate number of separation wells and vacuum pumping stations (Figure 3) , will be selected. The secondary piping system will drain into the main, which will lead into the final collection tank (from where it will be pumped to the wastewater treatment plant). The proposed lay out of the vacuum sewerage system for Eretria Town is shown in Figure 8 .
Pipes from HDPE at 10 atm, with diameters 125, 160, 200 and 250 mm will be used. Wells will be constructed by reinforced concrete or plastic. Connection or collection wells of the vacuum sewers will be equipped with the appropriate mechanisms and assemblies, such as vacuum valves, fittings isolations and control of the network as well as manual device suction of sewage in case of valve vacuum failure. Discharge wells, air vent wells and wells to control the flow will be used in the vacuum pipeline network, while dedicated pumps will convey the wastewater from the vacuum tanks to the storage tanks. Standby backup pumps will also be installed. The operation of the vacuum sewerage system is controlled with a PLC and SCADA system. Thus, potential malefactions can be identified early and repaired, so to ensure unobstructed operation. The PLC will automatically initiate stand by pumps in case of failure of the operational pumps.
CONCLUSIONS
Despite the fact that alternative collection employ different motive forces for the transport of wastewater, they are characterized by the use of small diameter plastic pipes, which can often be installed at depths of about 1 m (or below depth of freezing), and the lack of access points. The topography of territory will also constrain the choice of sewer systems. For example, STEG and conventional gravity sewer systems are not ideally suited for totally flat large sparsely urbanized areas. The use of alternative collection systems is often beneficial for small and rural communities, with population below about 10,000 people, and can result in significant cost savings, varying from 20-50%, as compared to conventional gravity-flow sewers. A comparison of capital and O&M costs (for 1,000 inhabitants) has been reported, which may be used a guide for selecting the most financially beneficial sewer system. Eretria town, a relatively flat littoral town with shallow archaeological ruins, has been selected as case study for the selection of the optimal sewer system. Based on a multi-criteria analysis, the vacuum sewer system was the optimal choice, mainly due to the flat terrain, the ability and flexibility to adapt to unidentified obstacles, and the lower cost. All things considered, alternative sewer systems have a high potential and should be considered seriously as alternative to conventional gravity sewers.
